Aims We studied the purchases of medical therapy recommended for coronary artery disease patients before and after elective revascularisation (percutaneous coronary intervention (PCI) or coronary bypass grafting (CABG)). Methods All patients who underwent an elective PCI (N = 1557) or CABG (N = 1768) at the Heart Center, Kuopio University hospital between 2007 and 2014 were included. Data were collected from the hospital's coronary register and national registers, and obtained for 3 years before and 1 year after the revascularisation. Results Altogether 85.2% of PCI patients and 88.1% of CABG patients had purchased lipid-modifying agents before the procedure, and 94.9% and 96.8% during the post-procedure follow-up year, respectively. Betablocking agents were purchased by 84.9% of PCI patients before and by 87.9% after the procedure and by 86.3% of CABG patients before and 97.1% after the operation. Of PCI patients, 64.3% had purchased organic long-acting nitrates before the procedure and 54.4% also after the procedure. Among CABG patients, the purchase of organic long-acting nitrates fell from 59.7% before to 10.1% after the operation. The use of ADP receptor blocking agents increased in PCI patients (26.3 to 83.9%) and the use of warfarin in CABG patients (9.4 to 21.3%). Medication purchases were more common among those who had greater use of hospital services before and after the procedures. Conclusions In both PCI and CABG patients, the use of medical therapy before and after revascularisation procedure complied with current guidelines. Purchases of long-acting nitrates were common in the PCI group even after the procedure.
Introduction
Optimal medical therapy (OMT) is essential for symptom control, as well as for primary and secondary prevention of coronary artery disease (CAD). Event prevention in CAD consists of acetylsalicylic acid (ASA), lipid-lowering agents and beta-blockers. In addition, angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blocking (ARB) agents are often indicated for patients with coexisting hypertension, left ventricular ejection fraction (LVEF) ≤ 40%, diabetes or chronic kidney disease. A combination of ASA and adenosine diphosphate (ADP) receptor inhibitors is used in those with acute coronary syndrome and in those undergoing elective percutaneous coronary intervention (PCI). In addition, nitrates are the cornerstone of symptom relief in angina pectoris [1] [2] [3] [4] [5] [6] [7] [8] .
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The recommendations on postoperative OMT in patients with stable CAD are similar after percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG), with one exception. ADP inhibitor (clopidogrel, prasugrel and ticagrelor) and ASA combination is used for the first year after percutaneous coronary intervention (PCI) but not after CABG [1, [4] [5] [6] [7] [8] .
Otherwise, if there are no contraindications, the OMT should continue as a lifelong secondary prevention therapy after the revascularisation procedure [6] [7] [8] .
Secondary prevention and drug adherence are essential for the development of effective critical pathways and prevention of future cardiovascular events in patients undergoing revascularisation. According to earlier research [9] [10] [11] [12] [13] , the overall adherence to secondary prevention measures tendsed to improve regardless of revascularisation type, although there was still room for improvement. According to a recent Danish study [14] , there was an increasing trend in drug use for primary prevention in the first decade of the twenty-first century.
The aims of this study were to compare the use of medical therapy recommended for coronary artery disease patients before and after an elective revascularisation procedure and to assess temporal trends and factors associated with the use of OMT.
Methods

Patients
The Coronary Artery TreatmentS (CATS) study includes all CAD patients who underwent an elective revascularisation procedure at the Heart Center, Kuopio University hospital (KUH) between 2007 and 2014 (N = 1768 CABG, N = 1557 PCI). The functional clinical status of the patients was assessed by the New York Heart Association (NYHA) [15, 16] and the Canadian Cardiovascular Society (CCS) grading system [17] [18] [19] [20] .
Data linkage and registers
The clinical data from the hospital revascularisation registers were linked to national registers with personal identification numbers. Data on mortality were obtained from the Statistic Finland [21] . The Care Register for Health Care covers, as mandated by law, all inpatient hospital admissions.
The National Prescription Register contains information on all reimbursed prescription medication purchased by the patients. Information about medications dispensed in the non-community settings (hospital, public nursing homes) was not available from the register. Drugs are classified according to the Anatomical Therapeutic Chemical (ATC) classification system. Use of cardiovascular medication was identified as any ATC code C. These drugs were further classified into cardiac therapy drugs (C01) and combinations. OMT drugs were categorised more precisely as follows: Nitrates (C01DA) were divided by medicine form into short-acting nitrates (C01DA02: sublingual nitroglycerin and C01DA08: oral spray) and long-acting nitrates (C01DA02: transdermal patch, ointments; C01DA08: tablets; C01DA14: tablets). Antihypertensives (C02, C07F) included diuretics (C03, C02L, C07B, C07C, C 0 7 D , C 0 8 G , C 0 9 D A , C 0 9 D X 0 1 , C 0 9 D X 0 3 , C09BX01); beta-blockers (C07, C09BX02); calcium channel blockers (C08, C07F, C09BB, C09DB, C09BX01, C09DX01, C10BX03); agents acting on the renin-angiotensin system (C09), such as ACE inhibitors (C09A, C09B); and angiotensin II antagonists (C09C, C09D, C09DX03). Lipid-lowering drugs were identified by code (C10). ADP inhibitors were identified as platelet aggregation inhibitors excluding heparin (B01AC) and more specific ATC codes for clopidogrel (B01AC04), prasugrel (B01AC22) and ticagrelor (B01AC24) were used. In addition, a minor proportion of ADP inhibitor purchases consisted of ticlopidine (B01AC05). Other antiaggregatory agents listed were acetylsalicylic acid B01AC06, dipyridamole B01AC07 and combinations B01AC30.
Statistical analyses
The proportion of users in each medication group was calculated from the eligible population (community dweller and alive) 3 years before and 1 year after the procedure. All statistical analyses were conducted by STATA14.0 (Stata Corp LP, Station, TX, USA).
Exact McNemar's test to assess the statistical significance of differences on dichotomous dependent variables between two related groups was used for analysing differences in purchase proportions before and after the procedure for both the PCI and CABG groups. Logistic regression models were used to analyse o v e r a l l c a r d i o v a s c u l a r m e d i c a t i o n p u r c h a s e s . Independent variables in regression models were age, sex, operation year, hospitalisation during follow-up time and disease severity (NYHA/CCS class).
Persons with missing CCS/NYHA data (PCI group n = 40) were excluded from logistic regression analyses. There were no other missing data. Those who died during the follow-up (PCI group n = 39) and (CABG group n = 28) were excluded.
Standard protocol approvals, registrations and patient consents
The study was approved by the ethics committee of Kuopio University hospital (KUH) and by the ethics committee of the Finnish National Institute for Health and Welfare which gives the permissions to use the data from the Hospital Discharge Register (HILMO). The permission to use the Special Reimbursement and Prescription registers was given by the Social Insurance Institution of Finland (SII). The permission to use national mortality data was given by Statistics Finland. Informed consent was not deemed necessary by the Ethics committees or register maintainers because participants were not contacted. The study complies with the Declaration of Helsinki.
Results
Patient characteristics
During the study period (2007-2014) elective PCI was performed in 1557 patients and elective CABG in 1768 patients. The mean age of PCI patients was 67.1 years and that of CABG patients 66.3 years. Majority of patients (70.8% of PCI and 80.1% of CABG patients) were men. CABG patients had more severe symptoms as indicated by CCS/NYHA class ( Table 1) .
All-cause mortality rates during the one-year follow-up were 2.7% and 1.7% for PCI and CABG, respectively. Three (0.2%) PCI and two (0.1%) CABG patients died during the revascularisation procedure.
The median numbers of hospital inpatient days before the revascularisation were 7 (range 0-655) and 7 (range 0-355) in the PCI and CABG groups, respectively. A total of 131 (8.4%) PCI and 13 (0.7%) CABG patients did not have any inpatient admissions during the 3 years before the operation. Majority of both CABG (53.4%) and PCI (65.4%) patients had 1-10 inpatient days before the procedure (Table 1) .
The median numbers of inpatient admissions within 1 year after the revascularisation were 3 (range 0-193) and 3 (range 0-164) in the PCI and CABG groups, respectively. A total of 279 (17.9%) PCI and 163 (9.2%) CABG patients did not have any inpatient admissions during the one-year follow-up after the procedure. Majority of PCI patients (71.4%) and CABG patients (65.4%) had 1-10 inpatient days after the intervention ( Table 1 ).
Purchases of recommended medical therapy
A total of 1519 (97.6%) PCI and 1690 (95.6%) CABG patients had purchased any cardiovascular drugs within the three-year timeframe before the intervention (Table 2) . Correspondingly, nearly all patients (99.3% of PCI patients (n = 1546) and 98.4% of CABG patients (n = 1740)) had purchased cardiovascular drugs within 1 year after the intervention.
The most commonly purchased drug classes before the operation were lipid-modifying agents, beta-blocking agents and nitrates ( Table 2 ). Purchases of lipid-modifying agents and beta-blockers increased after the operation among both PCI (p < 0.001) and CABG (p < 0.001) patients ( Table 2) . Long-acting nitrates were purchased before the operation by 64.3% of PCI patients and 59.7% of CABG patients (p = NS). However, after the operation, the purchase of long-acting nitrates changed differently in PCI and CABG patients: It decreased in PCI patients (to 54.4%, p < 0.001) and much more in CABG patients (to 10.1%, p < 0.001) ( Table 2) . Agents acting on the renin-angiotensin system (ACE inhibitors and angiotensin II receptor antagonists) were purchased more often in the PCI group (p < 0.001) after the intervention ( Table 2) . Purchases of calcium channel blockers decreased after both types of intervention (p < 0.001). Diuretics purchases decreased moderately in the PCI group (p < 0.001) but increased moderately in the CABG group (p < 0.001). Other antihypertensive drug purchases were rare in both groups ( Table 2 and Supplementary  Table 1 ).
The purchase of ADP inhibitors increased among PCI patients (p < 0.001) but decreased among CABG patients (p = 0.022). On the other hand, the purchase of vitamin K antagonists (VKA) increases after CABG (p < 0.001).
Predictors of purchases
Older persons and those with more severe disease, indicated by previous hospital stays or higher CCS/NYHA class, had more often purchased cardiovascular drugs before PCI ( Table 3 ). The association between drug purchases and previous hospital stays was also observed when assessing the predictors of purchase after PCI. However, CCS/NYHA class was not associated with cardiovascular drug purchases after PCI, and the association of age was reversed, i.e. older patients were less likely to buy drugs. Intervention year was not associated with cardiovascular drug purchases before or after PCI (Table 3) .
Older persons had more often purchased cardiovascular drugs before CABG (Table 4 ). Those with the most severe disease, indicated by CCS/NYHA class 4, had very low drug purchase activity. Also the intervention year was associated with lower cardiovascular drug purchases before CABG during the years 2009 and 2010 ( Table 4 ). The association between drug purchases and age was reversed, i.e. older patients were less likely to buy drugs after CABG (Table 4 ). However, CCS/NYHA class was not associated with cardiovascular drug purchases after PCI or CABG.
Discussion
The main finding of our study was that the use of medical therapy recommended for coronary artery disease evaluated on the basis of purchased drugs before and after revascularisation was in line with the European and Finnish guidelines and recommendations [1] [2] [3] [4] [5] [6] [7] . Almost all patients used recommended coronary artery disease drugs during the follow-up time (3 years before and 1 year after the elective PCI or CABG). The decrease in nitrate purchases, especially long-acting nitrates, suggests that the revascularisation procedure was in most cases considered successful in alleviating the CAD symptoms. The reasons for the higher percentage of patients having bought long-acting nitrates after PCI (54%) cannot be evaluated with our data. However, in earlier randomised studies comparing PCI and CABG, the need for repeat revascularisation has been higher among PCI-treated patients [22] . Thus, it is possible that PCI-treated patients have more angina symptoms after revascularisation than CABG-treated patients.
Another difference between PCI and CABG patients was seen in the purchase of ADP receptor blocking agents. They were more commonly used after PCI: Their purchase increased from 26.3 (pre-intervention) to 87.0% (post-intervention). The most commonly used antithrombotic agent was clopidogrel which was used by 25.6% of PCI patients before and by 83.9% after the PCI procedure. In CABG patients, the use of ADP receptor blockers was less prevalent: Only 16.8% of CABG patients had purchased them before and 14.4% after the operation. The difference between PCI and CABG patients was to be expected as guidelines recommend the use of ADP receptor antagonists and ASA combination after PCI whereas after CABG only in patients with acute coronary syndrome. In patients undergoing elective CABG, only ASA is usually recommended. On the other hand, the use of VKA more than doubled after CABG. Most likely, the indication for VKA was postoperative atrial fibrillation. Postoperative atrial fibrillation develops in 20-30% of patients after CABG, which is in line with the purchase of VKA in our CABG patients (21.3%). One important reason for the low use of antithrombotic agents after CABG can be that those patients are prescribed ASA drugs, which in Finland are non-reimbursable over the counter drugs for both cardiovascular and analgesic indications. Consequently, they are not recorded in the prescription register, except for a few special cases in which they had been purchased based on a prescription.
A major strength of our study is the representative study population. We identified all eligible patients from the electronic medical records, and the proportion of missing data on patient characteristics was small. The number of persons that were lost to follow-up was small and likely had no effect on the results or conclusions. Possible risk for bias was the validity of register data. The validity of the data from the national registers has been established earlier [23] . Kuopio University hospital is the only university hospital in its catchment area and performs all surgical revascularisations in the area. Thus, the patients were not selected on any basis.
A potential weakness of the study is that we only studied one of the five catchment areas performing coronary revascularisation procedures in Finland and the drug prescribing habits may be different in other regions. This limits the generalisation of purchase habits regarding single medications. We had no information on the setting where the medications were prescribed and lacked data on dosage, dose titration and adherence or compliance on a patient level. However, we had data on purchased medications instead of mere prescriptions.
In conclusion, our study demonstrates that physicians treating revascularisation patients prescribe the recommended medical therapy according to current guidelines and that the patient compliance, at least during the first year after the revascularisation procedure, is high.
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